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ABSTRACT: By using light microscopy and scanning electron microscopy, the composition, shape 
and localization of calcium depositions in the leaves of Ficus pumila L. var. awkeotsang (Makino) 
Comer were studied. In the mature leaves, many calcium oxalate and calcium carbonate were 
accumulated. All calcium carbonate depositions (cystoliths) were found in the lithocysts of the lower 
epidermis. The calcium oxalate crystals were in forms of druses or prismatic crystals. Most of the 
druse crystals were located sporadically in the cells of palisade mesophyll, while the prismatic crystals 
were found in the crystal cells of the bundle sheath. The formation of these two kinds of calcium 
deposits was related to the levels of calcium supply. The size of calcium carbonate depositions 
increased with the calcium concentration, but the density of lithocysts was not affected by different 
concentrations of calcium supply. Nevertheless, the density of calcium oxalate crystals was higher in 
high calcium solutions. 

KEY WORDS: Calcium carbonate, Calcium oxalate. Calcium supply. Ficus pumila var. 

awkeotsang . 


INTRODUCTION 

Calcium crystals are structural elements in the leaves of many higher plants (Mauseth, 
1988). When crystals occur in a given species, they are consistently found in specific 
compositions, locations and have predetermined shapes (Franceschi and Homer, 1980; Genua 
and Hillson, 1985; Kuo-Huang et al ., 1994; Wu and Kuo-Huang, 1997). Calcium oxalate is 
the substance that occurs most commonly, however, calcium carbonate is only found in the 
Moraceae, Urticaceae, Acanthaceae and some other families (Pentecost, 1980; Demarty et al., 
1984; Yu and Li, 1991; Kuo-Huang and Yen, 1993). The presence or abscence of crystals is 
one of the important characters for understanding the evolutionary relationships of plant 
species (Franceschi and Homer, 1980). 

The accumulation of calcium oxalate crystals in the plant bodies has been studied for 
many years (Franceschi and Homer, 1980; Kuo-Huang, 1990). Functions of calcium oxalate 
formation in plants during ordinary growth and development are still unclear. They may 
represent the storage forms of calcium and oxalate acid, and/or act as the depositories for 
regulation of cytosolic calcium concentration (Franceschi and Homer, 1980; Webb, 1999). By 
changing the availability of calcium ions, the formation of calcium oxalate crystals in the 
crystal idioblasts is affected (Frank, 1972; Borchert, 1985; Kuo-Huang and Zindler-Frank, 
1998). In times of calcium depletion, calcium redissolved from the crystals was observed 
(Franceschi, 1989; Wu and Kuo-Huang, 1995). 
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Several of the earlier investigations had been done on the influence of calcium nutrition, 
and some other factors on the precipitation of cystoliths (Freisleben, 1933; Ajello, 1941; 
Rabiger, 1951). However, no attention was paid to the comparison of the formation of 
calcium carbonate and calcium oxalate crystals. Virtually only a few reports were concerned 
about both calcium oxalate and calcium carbonate in a given species (Fahn, 1990, Wu and 
Kuo-Huang, 1997). 

The jelly fig ( Ficus pumila var. awkeotsang ) is an endemic woody vine growing at an 
elevation of 800-1800 m in Taiwan (Lin et al., 1989). In the previous study, it was interesting 
to note that both calcium carbonate and oxalate calcium depositions were found in the leaf of 
F. pumila var. awkeotsang (Kuo-Huang and Yan, 1993). Therefore, F. pumila var. 
awkeotsang is suitable for the study of the functional anatomy of calcium idioblasts. In this 
paper, the composition, shape, and location of these two kinds of calcium deposition were 
investigated by means of light microscopy, scanning electron microscopy and x-ray 
microanalysis. The influence of calcium supply on the formation of the calcium depositions in 
the hydroponically grown leaves was also studied. 

MATERIALS AND METHODS 

The branches and mature leaves of Ficus pumila var. awkeotsang were collected from the 
greenhouse of the Department of Botany, National Taiwan University. Some mature leaves 
were decolorized in 95% ethanol, cleared in 50% lactic acid (Spome, 1948) and then stored in 
95% ethanol. Each segment of leaf was mounted on a slide in 50% lactic acid solution. 
Observation and photographs were prepared with a Leica Diaplan Microscope, under bright 
field or polarized light. Materials for scanning electron microscopy (SEM) were fixed in 2.5% 
glutaraldehyde, postfixed in 1 % OsC> 4 , dehydrated in an ethanol - acetone series, dried with a 
Hitachi Critical Point Dryer (HCP-1), coated with IB-2 ion coater, and then examined with 
the Hitachi S-2400 SEM. The Kevex Level IV at 25kV was set for x-ray microanalysis 
(Dawes, 1979). For the identification of calcium crystals chemical compositions, the 
acid-etching test was used (Homer and Wagner, 1992). 

Some branches were transferred into modified Hoagland solutions in a growth chamber 
under conditions as described by Kuo-Huang and Zindler-Frank (1998). Three concentrations 

of calcium nutient solutions (as Ca(NC> 3 ) 2 ): 3750 pM Ca 2+ /L, 750 pM Ca 2+ /L, and 94 pM 
Ca 2+ /L were used. Replacements of calcium were made with equal concentrations of NaNCb. 
After two months, small leaf squares were sliced from the mature leaves of the plants growing 
in the three levels of calcium nutrient solutions. For light or SEM microscopy, these square 
specimens were prepared as above. 

RESULTS AND DISCUSSION 

The mature leaves of Ficus pumila var. awkeotsang are coriaceous. The upper leaf surface 
was glabrous and shiny, but the lower surface was hirsute and prominently hairy brown (Liao, 
1996). By scanning electron microscopy, we found two kinds of trichomes (including 
glandular and non-glandular trichomes) occurring on the upper leaf surface (Fig 1A), but no 
stoma tvas found. However, there were some hydathodes and within them many stomata were 
observed (Fig. IB). In general, some glandular trichomes were located near each hydathode. 
Such type of hydathode was also found on the upper leaf surface of F. formosana (Chen and 
Kuo-Huang, 1991). 
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Fig. 1. SEM photographs of mature leaves of Ficus awkeotsang. A. Upper leaf surface showing the 

non-glandular (arrow) and glandular trichomes (arrowheads). No stoma was found. Bar=100 pm. B. Upper leaf 
surface showing the hydathode (H) with many stomata. Some glandular trichomes (arrowheads) located near the 

hydathode. Bar=100 pm. C. Lower leaf surface showing the uneven structure. Many non-glandular (arrows) and 
glandular trichomes (arrowheads) and the lithocysts (L) located on the leaf veins. Crypts were orderly arranged 
between the leaf veins. Bar^lOO pm. D. In the stomata crypt many stomata (arrows) were observed. The 

ordinary epidermal cells had prominent tuberculate (arrowheads). Bar=100 pm. E. Transverse section of the leaf 
showing the 1-2 layers of upper and lower epidermis. Lithocyst (arrow) with cystolith (Cy) located on the lower 
epidermis beneath the leaf veins (V), while the druse crystal (arrowhead) was found in the most upper layer of 
palisade mesophyll. Bar=100 pm. F. Transverse section of the lithocyst (L) showing the stalk (arrow) and the 
body of cystolith (Cy). Bar=10 pm. G. Paradermal section of leaf showing the distribution of lithocysts (arrows) 
along the leaf veins (V). Bar=100 pm. H. Transverse section of the lithocyst showing the papilla (P) connected 
with the stalk (arrow) and the body of the cystolith (Cy). Bar=10 pm. 
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The lower leaf surface of F. pumila var. awkeotsang was obviously uneven (Fig. 1C). 
Crypts were orderly arranged and many stomata were found (Fig. ID). The outer surface of 
ordinary epidermal cells had prominent tuberculate. This kind of organization minimizes air 
movement near the stomata (Mauseth, 1989). Both the upper and lower epidermis were 1-2 
layered (Fig. IE). In the lower epidermis there were many lithocysts which could be 
recognized as papillae while viewing from the leaf surface (Fig. 1C). The lithocysts occurred 
mostly along the leaf veins (Fig. 1G). Each lithocyst had a cystolith. The cystolith contained a 
stalk which was connected to the papilla of the lithocyst outer cell wall (Fig. 1H). Beneath the 
stalk, calcium carbonate accumulated and formed the body of the cystolith (Fig. IF). By using 
the EDX microanalysis, the papilla contained silica, while calcium was detected mostly in the 
cystolith body (Figs. 2A-C). The cystoliths were soluble in acetic acid and hydrochloric acid 
with bubbles formation, suggesting hat they were composed of calcium carbonate 
(Franceschi and Homer, 1980). 



Fig. 2. SEM photographs and X-ray maps for localizing the electron transition energy of calcium and/or silica. 
A-C. Transverse section of lithocyst indicating the high calcium content of cystolith (Cy) and high silica content 
in the stalk (arrow) and papilla (arrowhead). D and E. Druse crystal (Cd) showing the high calcium content in 
the crystal area. F-G. Prismatic crystal (Cp) showing the high calcium content in the crystal area. All bars = 10 

pm. 
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Fig. 3. Sections of leaves. A and B. SEM photograph and LM photograph with partial polarized light on the 
transverse sections, showing the druse crystals (arrows) located in the first layer of palisade mesophyll (P). 
Bars=100 pm. C. SEM photograph of the paradermal section on the palisade tissue showing the druse crystals 
(Cd, arrows). Bar=10 pm. D. Enlargement of C. Bar=100 pm. E. LM photograph with polarized light showing 
the distribution of druse crystals (bright areas). Bar=100 pm. F. SEM photograph of prismatic crystals (Cp). 
Bar=10 pm. G. LM photograph with polarized light of paradermal section on the bundle sheath showing the 
distribution of prismatic crystals (arrows, bright areas). Bar=100 pm. 

The morphology and distribution of cystolith and lithocyst are genus- and species- 
specific in the Acanthaceae (Hsieh and Huang, 1974; Kuo-Huang and Yen, 1996) and 
Moraceae (Wu and Kuo-Huang, 1997). Besides, in Moraceae, the types of lithocysts were 
found to be related to the number of leaf epidermal layers, i.e., hair-like lithocyst in uniseriate 
epidermis, and papillate lithocysts of multiseriate epidermis (Wu and Kuo-Huang, 1997). In F. 
pumila var. awkeotsang, the papillate lithocysts were located in the multiseriate lower 

epidermis of the mature leaves. 

Both prismatic crystals and druses were found in the mesophyll. By the X-ray 
microanalysis technique, calcium was detected in these crystals (Figs. 2D-G). These calcium 
oxalate crystals were insoluble in acetic acid and soluble in hydrochloric acid, without 
forming bubbles. Besides, they showed prominent bright areas when viewed with the light 
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microscope under polarized light (Figs. 3B, E, and G). The idioblasts with druse crystals were 
distributed sporadically in the palisade parenchyma, however, they were generally found in 
the most upper layer of the palisade tissue (Figs. 3A-E). The prismatic crystals (Fig. 3F) 
occurred in the bundle sheath along the leaf veins (Fig. 3G). In the leaves, this kind of crystal 
distribution supports the suggestion that the formation of calcium oxalate crystals in plants 
may be linked to evaporation of water (Franceschi and Homer, 1980; Kuo-Huang, 1990). 

The impurities present in crystal cells may have been a factor in the formation of different 
crystal shapes (Scurfield et al., 1973). In the leaves of a given species, two or more shapes of 
calcium oxalate crystals were commonly found. Doaigey (1991) observed various shaped 
calcium oxalate crystals in individual plants of Datura, Nerium and Rumex. In this study we 
also found two different shapes of oxalate crystals in the mesophyll of a leaf. 

Calcium ions are essential nutrient for the plants and known to influence many of their 
developmental processes (Amott and Pautard, 1970). The presence of calcium crystals is 
certainly not detrimental to the plant. Physical and chemical conditions may affect crystal 
formation and properties (Franceschi and Homer, 1980; Webb, 1999), but information 
concerning the function of these crystals remains scarce. 

The formation of calcium carbonate and oxalate crystals in the cells of F. pumila var. 
awkeotsang leaves was prominently affected by the different concentrations of calcium 

I 

supply. In plants grown in low calcium (94 pM Ca /L ) solution, most lithocysts contained 

• 91 

only the stalk of cystolith (Fig. 4A). But in plants grown in normal calcium (750 pM Ca /L) 
solutions, the cystoliths formed both the stalks and the crystal bodies (Fig. 4B). Although 

cystoliths without prominent crystals existed, they were rare and never seen in plants grown 

2 + 

with high calcium solutions. In the plants grown in the high calcium (3750 pM Ca /L) 
solution, the lithocyst was almost filled with the cystolith (Fig. 4C). Nevertheless, the density 
of lithocysts was not affected by the different concentrations of calcium supply. 

In F. pumila var. awkeotsang, the formation of calcium oxalate crystals was also 

influenced by different concentrations of calcium supply. Many druses and prismatic crystals 

2 | 

were observed in leaves of both the plants grown in normal (750 pM Ca /L) and high 

calcium (3750 pM Ca 2+ /L) solutions (Figs. 4E and G), and fewer oxalate crystals were found 
in the leaf of plants grown in low calcium solutions (Figs. 4D and F). 

The calcium crystal cells may act as Ca-sinks, and enable plant tissues to deposit surplus 
Ca absorbed under experimental and, implicitly, natural conditions as Ca-carbonate 
or -oxalate, and to maintain relatively low concentrations of soluble calcium in the cells and 
tissues (Webb, 1999). The results of this study demonstrated that in the leaves of F. pumila 
var. awkeotsang, both calcium oxalate and calcium carbonate serve as storage forms for 
calcium. If the capacity of existing Ca-sinks is insufficient to precipitate most apoplastic Ca, 
the tissue content in soluble Ca will rise, and new calcium oxalate crystal cells may be 
induced. The literature shows that the number and size of calcium oxalate crystals may be 
influenced by calcium nutrition to a degree varying from subject to subject (Zindler-Frank, 
1980; Franceschi and Homer, 1980; Franceschi, 1989). It seems probable that the origin of 
these specialized cells is correlated with the properties of the calcium ion. Factors which 
control oxalate synthesis and cellular calcium uptake and mobility may affect calcium oxalate 
crystal induction and formation (Scott, 1941; Frank, 1972; Borchert, 1984, 1986; Franceschi, 

1987). 

The density of lithocysts in the mature leaves of F. pumila var. awkeotsang was not 
significantly affected by the different concentrations of calcium supply which suggests that 
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Fig. 4. Calcium depositions in the leaves with different calcium supplies. A, B, D, and F: 1/8 Ca supply; C, E, 
and G: 5 Ca supply. A and B. The lithocyst with none or little cystolith accumulation. Bars=T0 pm.C. The 
lithocyst almost filled with cystolith. Bar=10 pm. D. LM photograph with polarized light showing fewer calcium 
oxalate crystals occurring in the mesophyll. Bar=100 pm. E. LM photograph with polarized light showing more 
druse crystals occurring in the mesophyll. Bar=100 pm. F. SEM photograph showing fewer prismatic crystals 
(Cp) occurring in the bundle sheath cells around the leaf vein (V). Bar=100 pm. G. SEM photograph showing 
more prismatic crystals (Cp) occurring in the bundle sheath cells around the leaf vein (V). Bar^lOO pm. 

neither extra lithocysts are induced under the high calcium supply, nor fewer lithocysts are 
formed under low calcium supply. Only the sizes of calcium carbonate depositions increased 
from the low calcium (94 pM Ca 2+ /L) to the high calcium (3750 mm pM Ca 2+ /L) solutions. 
The formation of the number of lithocyst initials in the epidermal tissue is determined, but 

Of 

their differentiation is affected by the amount of Ca supply. During the leaf development, a 

2 | 

continuous surplus of Ca influx from the high calcium concentration solution enables the 
lithocyst initial to form a large calcium carbonate deposition inside. Otherwise, when under 
calcium deficiency, most of the calcium carbonate depositions contain only the stalk and no 
obvious body structure was found. Further experiments are needed to understand the 
regulation mechanisms of the formation and redistribution of the calcium depositions. 
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